Purpose: Irinotecan, in combination with leucovorin/ 5-fluorouracil (FU) or with cisplatin, is known to be active for treating advanced gastric cancer (AGC). This pilot study evaluated a novel three-drug combination of irinotecan, leucovorin/FU and cisplatin as a first-line treatment of AGC. The primary endpoint was to assess the feasibility in anticipation of conducting a larger phase II study. 
INTRODUCTION
Gastric cancer is the most frequently occurring malignancy in Korea, and it is one of the main causes of cancer death (1) . The benefit of systemic chemotherapy for advanced gastric cancer (AGC) in the palliative setting has long been known. Several randomized trials have demonstrated that 5-fluorouracil (FU)-based chemotherapy is superior to the best supportive care in terms of survival and preservation of the quality of life (2, 3) . While the treatment options for AGC have expanded in recent years to include newer agents such as taxanes (paclitaxel and docetaxel), irinotecan and oxaliplatin, FU remains the backbone of most of the current chemotherapy protocols (4, 5) .
In general, multi-drug combinations have provided significantly higher response rates, but no better overall survival (6) . However, combination regimens that are mostly FU-based have been widely used in most countries because FU monotherapy has only limited activity. To date, only two triplet combinations, namely ECF (epirubicin, cisplatin and FU) and DCF (docetaxel, cisplatin and FU), have demonstrated survival benefit for the patients with AGC (7, 8) . However, the obtained median survival times were limited to within 10 months.
Irinotecan is a water-soluble camptothecin derivative, and it has demonstrated antitumor activity against gastric cancer as a monotherapy (9) , and in combination with leucovorin/FU (ILF) (10), or cisplatin (IP) (11) . A previous randomized study of an ILF regimen versus IP for patients with AGC showed that ILF produced an overall response rate of 42% and a median survival of 10.7 months, which were significantly better than the results with the IP regimen (12) . However, since cisplatin is still considered to be one of the key drugs for the treatment of gastric cancer, a combination of these three active drugs (cisplatin, irinotecan and leucovorin/FU) seems to be a promising strategy for treating advanced AGC. This three-drug combination has been reported to have a promising therapeutic efficacy of 74% to 85% objective response rates (13, 14) , but this has been achieved at the cost of considerable toxicity (i.e., severe neutropenia in 90% of patients).
Based on these considerations, we adapted a modified regimen of biweekly administered cisplatin, irinotecan and leucovorin/FU (PILF). We conducted a pilot study with this PILF combination on patients with AGC to determine its tolerability and to obtain the feasibility data in anticipation of performing a larger, formal phase II study.
MATERIALS AND METHODS
For this single-center, pilot study, the eligibility criteria included histologically confirmed, recurrent or metastatic gastric adenocarcinoma, patients who were aged 75 years or less, an Eastern Cooperative Oncology Group (ECOG) performance status of 0～2 and normal marrow (a neutrophil count ＞1,500/mm 3 and a platelet count ＞100,000/mm 3 ), hepatic (AST/ALT ≤2.5 ULN and bilirubin ≤1.5 mg/dl) and renal function (creatinine clearance ≥60 ml/min or serum creatinine ≤ULN). No prior chemotherapy or only adjuvant chemotherapy that had been completed ＞6 months before patient enrollment and no radiotherapy was given within 4 weeks before the study were allowed. Patients were excluded from the study if they had any severe comorbid illness, a known history of anaphylaxis of any origin or a history of severe adverse events to the drugs used in this study. The study protocol was reviewed and approved by the Gil Medical Center institutional review board. We obtained informed consents after the nature of the study was fully discussed before the initiation of treatment, including an explanation of the risk and the possibility of discomfort, as well as the potential benefits.
Treatment consisted of irinotecan 150 mg/m 2 on day 1, leucovorin 200 mg/m 2 and a 22 h infusion of FU 1,000 mg/m 2 on days 1 and 2. Cisplatin 30 mg/m 2 was administered on day 2, along with appropriate iv saline hydration of one liter over 2 hours prior to and again after cisplatin infusion. Treatment was repeated every 2 weeks until disease progression, unacceptable toxicity or patient's refusal. The use of hematopoietic growth factors was not allowed during treatment, except for patients with febrile neutropenia or grade 4 myelosuppression, at the investigators' discretion. No primary prophylaxis with atropine was given unless a patient experienced grade ≥2 diarrhea. Supportive care, including administration of blood transfusions, antiemetics and analgesics was provided according to our department policy. If this combination chemotherapy failed, then second-line chemotherapy was recommended to all patients if their performance status was still preserved.
The dosage of the subsequent cycles was adjusted according to the toxic effects that developed during the preceding cycle. Chemotherapy was delayed for a week if the neutrophil count was ＜1,500/mm 3 or the platelet count was ＜100,000/mm 3 on day 1. If the nadir neutrophil count was ＜500/mm 3 or the nadir platelet was ＜50,000/mm 3 , then the doses of irinotecan and FU were reduced to 80% of the initial doses. If grade ≥2 nonhematologic toxicity occurred, then chemotherapy was withheld until the patients recovered to grade ≤1. In the case of diarrhea, patients were treated with loperamide (starting dose: 4 mg, followed by 2 mg every 2 h as long as diarrhea continued to a maximum dose of 16 mg/day). When the diarrhea persisted for more than 24 h or it occurred in combination with neutropenia, fever or dehydration, the patients were hospitalized and treated with antibiotics. The dose of cisplatin could be reduced for a reversible decrease of creatinine clearance. If chemotherapy was delayed ＞2 weeks, then the patient was treated off the protocol. Throughout the study, the dose of leucovorin was unchanged.
Baseline evaluation included a complete medical history and physical examinations, blood counts, serum chemistry, chest x-ray and abdominopelvic computed tomography (CT) scans. Follow-up history, physical examinations and toxicity assessments were performed before each 2-week cycle of treatment. The toxicity grading was based on the National Cancer Institute criteria (NCI-CTCAE version 3). The first evaluation with imaging was done after the completion of 4 cycles of PILF chemotherapy. The response was evaluated according to the WHO criteria and the response was assessed by abdominopelvic CT or by the same tests that were used to initially stage the tumor. If a patient had no measurable lesions, then the response was only classified as complete response, stable disease or progressive disease. Progression in non-measurable lesions that led to deterioration of the patient's status was classified as progressive disease, regardless of the status of the measurable lesions.
The estimated number of patients for this pilot feasibility study with using the PILF combination was felt to be approximately 14 patients. That is, the evaluation of toxicity was the primary endpoint and myelosuppression, specifically grade 3 or 4 neutropenia, is considered to be the dose limiting toxicity. The sample size was determined based on this focused toxicity endpoint (15) . A prior study has demonstrated a 66% rate of grade 3 or 4 neutropenia with IP, and 27% rate with ILF (12). With using dosage modification, we anticipated that the overall rate of grade 3 or 4 neutropenia would be approximately 30%. All analyses were performed on the intent-to-treat population, and this was defined as all registered patients who signed an informed consent.
RESULTS

Among a total of 17 patients who were registered between
October 2004 and May 2005, one patient was not evaluable for response due to early discontinuation of treatment. The characteristics of the patients are listed in Table 1 . The median age was 48 years (range: 31 to 69 years) and two-thirds of patients had symptomatic (ECOG performance status ≥1) AGC. Six patients had been previously treated with adjuvant FU-based chemotherapy and two patients had been previously treated with cisplatin during their adjuvant chemotherapy regimen. The most common sites of metastatic disease were the intra-abdominal lymph nodes, peritoneum and liver.
The patients received a total of 117 PILF cycles (median: 6, range: 1 to 12). Two patients discontinued treatment due to Because the patients could have metastases at multiple sites, the total numbers of metastases are greater than the number of patients. /week were planned, the relative dose intensities of each drug were 96% (95% confidence interval [CI]: 86 to 105%), 91% (95% CI: 78 to 104%) and 91% (95% CI: 78 to 105%), respectively. The hematologic and non-hematologic toxicities are summarized in Table 2 . The most frequently encountered severe toxicities were neutropenia and gastrointestinal toxicity, which were managed with rest, a dose reduction or treatment discontinuation. Although grade 3 or 4 neutropenia was the major toxicity that required dose adjustments (41% of the patients), only one episode of febrile neutropenia occurred. None of the patient died of toxicity during the PILF chemotherapy.
We offered salvage chemotherapy to 13 patients after failure. The second-line treatment after PILF was mostly S-1-based (16): 12 patients received mitomycin-C plus S-1 and one received docetaxel. Palliative surgery was required for 3 patients.
No patient achieved a complete clinical response. Of the 16 patients who were evaluable for responses, 7 partial responses (44%) were observed (95% CI: 18 to 65%). Taking into account the additional 7 patients who had stable diseases, 88% of the overall patients achieved adequate disease control. With a median follow-up duration of 15.7 months (95% CI: 13.7 to 17.8 months), the median progression-free survival was 6.2 months (95% CI: 5.8 to 6.6 months). The median overall survival was 13.8 months (95% CI: 8.9 to 18.7 months, Fig.  1 ), and the one-year survival rate was 59%.
DISCUSSION
In this small feasibility study, PILF combination chemotherapy demonstrated very good tolerability and activity for patients with AGC. To define an appropriate combination regimen for further improvement, we selected irinotecan, leucovorin/FU and cisplatin on the basis of their proven clinical activity for gastric cancer, and also because of their apparent synergistic activity and that they are not cross-resistant.
The best choice of chemotherapy regimen for patients with AGC is still a matter of controversy and this requires further investigation (6) . The efficacy of treatment with the PILF combination is promising with an overall response rate of 41% and a median progression-free survival of 6.2 months. Although the data presented here is from a relatively small feasibility study, the results suggest that the addition of cisplatin could improve efficacy over the ILF regimen without compromising safety. Moreover, the median overall survival of 13.8 months achieved with PILF chemotherapy is quite encouraging.
One may argue that the doses of each drug in the regimen were suboptimal. Although biweekly irinotecan is usually administered as a 180 mg/m 2 dose, several phase II studies have demonstrated that antitumor activity with acceptable toxic effects could be achieved when irinotecan 150 mg/m 2 and leucovorin/FU were administered to AGC patients as a second-line treatment (17, 18) . Cisplatin at a dose intensity of 15 mg/m 2 /week was chosen in accordance with a prior study (14) .
The main concern before designing this three-drug combination was the anticipated risk of severe acute toxicity. Because cisplatin-containing regimens are significantly more toxic than those regimens without cisplatin, which is due to the excessive non-hematologic toxicity of cisplatin, this small feasibility study was conducted as a pilot study. As expected, grade 3 or 4 neutropenia was the predominant toxicity, as well as gastrointestinal side effects. In contrast, the incidence of febrile neutropenia was much lower than expected with only one episode in 117 delivered cycles. Of note, the overall toxicity profiles were acceptable and they compared well with the experiences of other studies that used irinotecan-based regimens. Although difficult to differentiate from the symptoms of the underlying disease, these non-hematologic toxicities would be considered reasonable and not unexpected in this patient population that was treated with systemic chemotherapy. In retrospect, it would have been safer if a lower dose of leucovorin was used because leucovorin probably increases the incidence of non-hematologic toxicities with FU (19) . FU modulated by leucovorin was associated with increased gastrointestinal toxicity, but it did not improve survival. Moreover, the use of high-dose leucovorin combined with FU failed to improve survival for patients with metastatic colorectal cancer (20) . As this was a small pilot study, the efficacy data was exploratory; nevertheless, it was sufficiently encouraging to justify further evaluation as part of a formal phase II study. The irinotecan-based combination has a good safety profile and, in our opinion, it compares favorably with the anthracycline-or taxane-based regimen (7, 8) . Therefore, we adapted a modified version of this regimen as one arm of a randomized phase II study for evaluating ILF with or without cisplatin for treating AGC (ClinicalTrials.gov, NCT00320294). The dose of leucovorin was reduced to 20 mg/m 2 /day in order to reduce the incidence of gastrointestinal toxicity.
CONCLUSIONS
Four-drug combination of PILF is tolerable and has encouraging efficacy outcomes for AGC.
